Human adenovirus type 5 enhances the thymidine kinase activity of KB cells but does not induce the enzyme in kinase-deficient HeLa (BU25) cells. Vaccinia induces thymidine kinase activity in both KB and HeLa (BU25) Thymidine kinase (dTK) activity is induced in either thymidine kinase-positive (dTK+) or thymidine kinase-deficient (dTK-) cell lines infected with vaccinia or herpes type viruses (3, 5-8, 14, 15). The dTK activity is also enhanced in polyoma virus-infected dTK+ cell lines, but not in dTK-cell lines productively or abortively infected by the virus (1, 22 ). An enhancement of dTK activity has been observed after productive infection by simian adenoviruses of African green monkey kidney cells (16, 18) , and after either productive or abortive infections by human adenoviruses of human, hamster, and monkey cell lines (2, 11, 18, 20, 21, (23) (24) (25) (9) were grown in the same medium but subcultured at 3-to 5-day intervals.
Thymidine kinase (dTK) activity is induced in either thymidine kinase-positive (dTK+) or thymidine kinase-deficient (dTK-) cell lines infected with vaccinia or herpes type viruses (3, 5-8, 14, 15) . The dTK activity is also enhanced in polyoma virus-infected dTK+ cell lines, but not in dTK-cell lines productively or abortively infected by the virus (1, 22) . An enhancement of dTK activity has been observed after productive infection by simian adenoviruses of African green monkey kidney cells (16, 18) , and after either productive or abortive infections by human adenoviruses of human, hamster, and monkey cell lines (2, 11, 18, 20, 21, (23) (24) (25) . All of the cell lines utilized in the adenovirus studies have been dTK+. The present study was undertaken to learn whether dTK activity is induced by human adenovirus(es) during productive infection of dTK-cells. Enzyme activity was therefore measured at various times after infection of kinase-deficient HeLa (BU25) cells (15) Preparation of enzyme extracts. Confluent monolayer cultures of KB and HeLa (BU25) cells were ORIGIN OF THYMIDINE KINASE used 3 to 4 days and 6 to 7 days, respectively, after subculture. The cultures were rinsed with isotonic saline solution (GKN) and were infected at multiplicities of 13 to 360 plaque-forming units (PFU) per cell for adenovirus and 8 to 13 PFU per cell for vaccinia. After adsorption for 1 hr at 37 C, unadsorbed virus was removed and MEM containing 10% fetal calf serum and 1 mM L-arginine was added. Cell extracts were prepared 6 to 75 hr after infection with adenovirus and 5 to 8 hr after infection with vaccinia (13) . The dTK was assayed as previously described (13) with 3H-deoxyuridine as nucleoside acceptor.
Virus growth. Monolayer cultures in 2-oz (60 ml) prescription bottles of 3-to 4-day-old KB or 6-to 7-day-old HeLa (BU25) cells were rinsed with GKN and infected with 0.1 ml of adenovirus or vaccinia at a multiplicity of 0.05 PFU per cell. After 1 hr of incubation at 37 C, the unadsorbed virus was removed and the cultures were rinsed three times with GKN. A 5-ml amount of MEM containing 10% fetal calf serum (1 mM L-arginine was added in adenovirus experiments) was added to half of the cultures. To the rest of the cultures, 5 ml of the same medium was added containing HATG (10-5 M aminopterin, 10-M glycine, 10-4 M hypoxanthine, 4 X 10-5M thymidine; 17, 22) . The cultures were incubated at 37 C in a CO2 incubator for the indicated times and then frozen ( Fig. 2 and 3) . The cells and medium were harvested, and cells were disrupted by sonic treatment at 10 kc at 4 C in a Raytheon sonic oscillator for 3 min for adenovirus type 5 (Fig. 2) . Fig. 3 . Adenovirus type 5 undergoes a productive infection in both KB and in HeLa (BU25) cells in normal growth medium. In KB cells, where a cellular dTK activity is available, adenovirus type 5 replicates equally well in the presence or absence of HATG. In contrast, replication of adenovirus type 5 is grossly inhibited in the kinase-deficient HeLa (BU25) cells in the presence of aminopterin (Fig. 3) . These experiments demonstrate that neither a cellular nor an adenovirus type 5-induced enzyme is present at activity levels needed for utilization of thymidine so as to permit replication of adenovirus type 5 in HATG-treated HeLa (BU25) cells.
DISCUSSION
Vaccinia and herpes-type viruses induce in various kinase-deficient cell lines dTK enzymes which differ in thermal stability and in kinetic and immunological properties from cellular enzymes (8, 13) . The enzyme induced by vaccinia also differs from the enzyme induced by herpes simplex virus in LM(TK-) cells (14) . The herpes simplex-induced dTK is immunologically dis- tinct from the enzyme induced by pseudorabies virus (3). These observations and the demonstration that vaccinia and herpes simplex mutants defective in dIK-inducing activity can be obtained (5-7) suggest that new virus-specific enzymes are induced in vaccinia-and herpes virus-infected cells. In contrast, polyoma virus enhances the dTK activity of kinase-positive cells but fails to induce the enzyme in kinasedeficient cells (1, 12, 22) . The latter findings support the hypothesis that the dTK enhanced by polyoma virus infection is not coded for by a viral gene, but instead, probably reflects the increased synthesis of a cellular enzyme, perhaps modified to some extent by a viral product.
The data presented in this study are similar to those obtained with polyoma virus-infected cells. Human adenoviruses enhance the dTK activity of kinase-positive cell lines. electrophoretic properties from the enzyme from uninfected cells (11, 18, 23 
